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PDWHULDO LQ WKH SURGXFWLRQ RI LURQEDVH SRZGHU PHWDOOXUJ\ SDUWV ,Q DGGLWLRQ VSRQJH LURQ FDQ EH
XWLOL]HG DV UDZPDWHULDO WR K\GURJHQ URDVWLQJ GHSDUWPHQW DV FRRODQW LQ EDVLF R[\JHQ IXUQDFH RU LQ
SURGXFWLRQRIZHOGLQJHOHFWURGHV>@
1.1. Classification of DRI processes 
'HSHQGLQJ XSRQ WKH W\SH RI UHGXFWDQW XWLOL]HG VSRQJH LURQ RU '5, FDQ EH SURGXFHG IURP LURQ
EHDULQJUDZPDWHULDOE\WZRGLIIHUHQWSURFHVVHV&RDOEDVHGDQG*DVEDVHGUHGXFWLRQSURFHVVHVVKRZQ
LQWDEOH>@

7DEOH7\SHVRIUHGXFWLRQSURFHVVHVWRSURGXFH'5,RUVSRQJHLURQ
5HGXFWDQW 7\SHRI5HGXFWLRQSURFHVV
&RDOEDVHG 5RWDU\NLOQSURFHVVHV6/51.UXSS&2',5'5&$&&$57'5HWF
5HWRUWSURFHVV.LQJORU0HWRU
5RWDU\KHDUWKSURFHVVHV,QPHWFR)DVWPHW
*DVEDVHG 6KDIWSURFHVVHV0,'5(;+</SURFHVV3XURIHU
)OXLGL]HGSURFHVVHV),25),10(7&LUFRIHU
1.2. Reduction kinetics  
,QSURGXFWLRQRIVSRQJHLURQE\UHGXFWLRQRILURQR[LGHWKHPRVWFRPPRQO\XVHGUHGXFLQJDJHQW
DUHFDUERQPRQR[LGHK\GURJHQDQGPL[WXUHVRIWKHVHWZRJDVHV,QJDVEDVHGUHGXFWLRQSURFHVVHJ
6KDIW3URFHVV&2DQGRU+ZRUNVDVUHGXFLQJDJHQWWRJLYHPHWDOOLFLURQIURPLURQR[LGHVDQGLQFRDO
EDVHG UHGXFWLRQ HJ 5RWDU\ .LOQ SURFHVV DW UHGXFLQJ WHPSHUDWXUH FDUERQ LQ FRDO DQG WKH &2
SURGXFHG ZRUNV DV UHGXFLQJ DJHQW :KHQ WKH UHGXFWLRQ LV FDUULHG RXW E\ VROLG FDUERQ RU FDUERQ
PRQR[LGHWKHILQDOSURFHVVRIUHGXFWLRQLVDOZD\VZULWWHQDV
 5HGXFWLRQRILURQR[LGH0)H[2\VS&2J Q)H]2ZVU&2J
7KHQHFHVVDU\&2LVSURYLGHGGLUHFWO\RUE\WKH%RXGRXDUGUHDFWLRQJLYHQEHORZ
 *DVLILFDWLRQRIFDUERQP&VP&2J P&2J
6ROLG VWDWH GLUHFW UHGXFWLRQ SURFHVVHV JHQHUDOO\ RSHUDWH ZLWKLQ QDUURZ WHPSHUDWXUH UDQJH RI 
&LQRUGHUWRSUHYHQWWKHIRUPDWLRQRIDQ\VHPLVROLGSKDVHV>@
1.2.1. Effect of calcium carbonate on degree of reduction of mill scale 
&DOFLXP FDUERQDWH /LPH VWRQH SRZGHU PL[HG ZLWK FRDO SRZGHU ZKLFK ZRUNV DV FDWDO\VW DQG
KHOSV LQ VFDYHQJLQJ VXOSKXU &D&2 GHFRPSRVHV WR &D2 DQG &2 &D2 DFWV DV D FDWDO\VW WKH
JDVLILFDWLRQUHDFWLRQJHWVDFFHOHUDWHG>@
&D&2 &D2&2
&2& &2
1.3. Coal  
&RDO LV VROLG QDWXUDO IXHO REWDLQHG IURP HDUWK FUXVW FRPSULVHV IL[HG FDUERQ PRLVWXUH YRODWLOH
PL[WXUHDQGDVK$FFRUGLQJWRKHDWLQJYDOXHDQGIL[HGFDUERQSHUFHQWFRDOFODVVLILHGLQWRWKUHHPDMRU
W\SHVVKRZQLQWDEOH>@



7DEOH7\SHRIFRDOZLWKWKHLUKHDWLQJYDOXHDQGIL[HGFDUERQFRQWHQW
&RDO )L[HGFDUERQ &DORULILFYDOXH.-.J
$QWKUDFLWH  
%LWXPLQRXV  
/LJQLWH /HVVWKDQ $SSUR[LPDWHO\
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5DZPDWHULDO
7KHUHZHUHWKUHHUDZPDWHULDOVXVHGLQWKHUHGXFWLRQRIPLOOVFDOH7KHUDZPDWHULDOVZHUHHDVLO\
DYDLODEOHLQORFDODUHDTXLWHFKHDSLQFRVWVRWKHRYHUDOOSURGXFWLRQRIWKHLURQSRZGHURUVSRQJHLURQ
ZDVFRVWHIIHFWLYH7KHVRXUFHRIUDZPDWHULDOZLWKWKHLUSULFHLQGH[LVVKRZQLQWDEOH>@

7DEOH5DZPDWHULDOXVHGLQH[SHULPHQWZLWKWKHLUSULFHLQGH[DQGVRXUFH
6U1R 5DZPDWHULDO 3ULFH,15.J 6RXUFH
 0LOOVFDOH WR 6$5$'$(QWHUSULVHVDKRWUROOLQJPLOOLQ-DLSXU
 /RZJUDGHFRDO WR 0DWDVXNKFRDOPLQHV1DJDXUGLVWULFW5DMDVWKDQ
 /LPHVWRQH WR /RFDOPDUNHW-DLSXU
2.1. Proximate analysis of coal 
,QWKLVVWXG\PLOOVFDOHLVUHGXFHGE\ORZJUDGHFRDOLQSUHVHQFHRIOLPHWDNHQRIZHLJKWRI
FRDO3UR[LPDWHDQDO\VLVRIFRDOXVHGLQWKLVVWXG\ZDVGRQHE\,QGLDQ6FKRRORI0LQHV'KDQEDGDQG
DOVRYHULILHGZLWKWKHGDWDPHQWLRQHGRQ5DMDVWKDQ6WDWH0LQHVDQG0LQHUDOV/WGVKRZQLQWDEOH

7DEOH3UR[LPDWH$QDO\VLVRIFRDOXVHGLQWKHH[SHULPHQW
3DUDPHWHU /LJQLWHFRDOZW
)L[HGFDUERQ 
$VK 
9RODWLOHPDWWHU 
2WKHUFRPSRQHQWV 
2.2. Stoichiometric ratio of mill scale and coal 
7KH DPRXQW RI IL[HG FDUERQ QHFHVVDU\ WR IXOO\ UHGXFH WKH LURQ R[LGH ZLWKLQ WKH PLOO VFDOH ZDV
GHVLJQDWHGDVWKHVWRLFKLRPHWULFDOO\UHTXLUHGDPRXQW,WZDVFDOFXODWHGE\VWXG\LQJWKHPDLQSHDNVRI
;5' RI XQUHGXFHG VDPSOH RI PLOO VFDOH 6LQFH FRDO ZDV KDYLQJ  IL[HG FDUERQ DQG DFW DV
UHGXFLQJDJHQWWKHFRUUHVSRQGLQJYDOXHRIFRDOUHTXLUHGSHUVDPSOHRIPLOOVFDOHZDVFDOFXODWHG)URP
FDOFXODWLRQDQGEHVWUHVXOWVUDWLRRIPLOOVFDOHDQGFRDOOLPHZDVWDNHQ,QWKHVWXG\PLOOVFDOH 
JUDPFRDO DQGOLPHJUDPZDVWDNHQSHUVDPSOHIRUUHGXFWLRQLQDOXPLQDFUXFLEOH
([SHULPHQWDOSURFHGXUH
3.1. Material cleaning 
0LOOVFDOHZDVZDVKHGZLWKZDWHUWRUHPRYHRLOVJUHDVHDQGRWKHULPSXULWLHVSUHVHQWLQLW
3.2. Sample preparation
0LOO6FDOHOLPHVWRQHDQGORZJUDGHFRDOZHUHFUXVKHGE\UROOFUXVKHUDQGILQDOO\JURXQGWRILQH
SDUWLFOHVLQE\KDPPHUDQGKDQGUROOLQJODWHUWKHQSDVVHGWKURXJKYDULRXVVLHYHVE\XVLQJVLHYHVKDNHU
,QWKHVWXG\DOOUDZPDWHULDOVPLOOVFDOHFRDODQGOLPHVWRQHRISDUWLFOHVL]HDQG
$670VLHYHVL]H
3.3. Arrangement of mill scale and coal in crucible 
0LOOVFDOHZDVSODFHGFHQWUDOO\SURYLGHPD[LPXPVXUIDFHDUHDIRUGLUHFWUHGXFWLRQLQWKHYHUWLFDO
FROXPQRIPPLQGLDPHWHUDQGPL[WXUHRIFRDOZLWKOLPHZWRIPLOOVFDOHZDVSXWDURXQGWKH
FROXPQLQPLOOVFDOHLQWKHDOXPLQDFUXFLEOHDVVKRZQLQILJXUHDDQGE7KHVDPSOHVZHUHZHOO
FRYHUHGLQVXODWHGE\JODVVZRRODQGVLOLFDOHDGFRYHUWRSUHYHQWR[LGDWLRQ

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 
D E

3.4. Reduction in muffle furnace 
7KHUHGXFWLRQZDVFDUULHGRXWLQODERUDWRU\VFDOHPXIIOHIXUQDFHDW&7KHVWXG\FDUULHGRXWIRU
GLIIHUHQW UDQJH RI SDUWLFOHV  	 $670 VLHYH VL]H  DQG ZHUH FROOHFWHG DIWHU D
SUHGHWHUPLQHGSHULRGRIWLPHPLQXWHVDIWHUWKHFKDUJHRIWKHUHDFWDQWV
3.5. Material separation 
:KHQ VDPSOHV JHW FRROHG WKH\ ZHUH PDJQHWLFDOO\ VHSDUDWHG WR ORRN IRU LURQ SRZHU $ VWURQJ
PDJQHWZDVXVHGWRVROYHWKHSXUSRVH
5HVXOWVDQGGLVFXVVLRQ
4.1. Chemical analysis test 
&KHPLFDODQDO\VLVRIWKHPLOOVFDOHVDPSOHVGRQHEHIRUHDQGDIWHUWKHUHGXFWLRQSURFHVVWRNQRZWKH
H[WHQWRIUHGXFWLRQRILURQR[LGHLQWRLURQ&KHPLFDODQDO\VLVWHVWGRQHDW1DWLRQDO7HVW+RXVH-DLSXU
VKRZ WKDW PLOO VFDOH EHIRUH UHGXFWLRQ FRQWDLQV  RI LURQ E\PDVV 9DOXH RI LURQ FRQWHQW LQ
GLIIHUHQWPLOOVFDOHVDPSOHVUHGXFHGIRUGLIIHUHQWWLPLQJVDW&VKRZQLQWDEOH,WVKRZVWKDWZLWK
LQFUHDVH LQUHGXFWLRQWLPHLURQFRQWHQW LQFUHDVHVIRUDOOJLYHQVLHYHVL]HDQGZLWKGHFUHDVH LQVL]HRI
SDUWLFOHVSHUFHQWDJHRILURQLQVDPSOHGHFUHDVHV


7DEOH&KHPLFDODQDO\VLVWHVWUHVXOWVRIPLOOVFDOHVDPSOHVUHGXFHGDW&IRUGLIIHUHQWKROGLQJWLPH
6U1R 3DUWLFOHVL]H
$670VLHYHVL]H
7LPH
PLQXWHV
,URQFRQWHQW
E\PDVV
 

 
  
  
 

 
  
  
 

 
  
  
)LJ$UUDQJHPHQWRIPLOOVFDOHDQGFRDOLQWKHDOXPLQDFUXFLEOHDWRSYLHZDQGEVLGHYLHZ

0LOO6FDOH
PP
PP
PP
&RDO
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4.2. XRD analysis 
$QDO\VLV E\ ;UD\ GLIIUDFWLRQ RI XQUHGXFHG PLOO VFDOH )LJ  VKRZV WKH SUHVHQFH RI KHPDWLWH
)H2PDJQHWLWH)H2DQGZXVWLWH)H2SKDVHV,WZDVREVHUYHGWKDWKLJKHVWLQWHQVLW\SHDNZDVRI
LURQDQGVRPHRWKHUSHDNVRI ORZHU LQWHQVLW\RI LURQR[LGHV6DPSOHRIPLOOVFDOHVL]H$670
VLHYHVL]HUHGXFHGDW&IRUPLQXWHV)LJXUHFRQILUPHGWKHJUDGXDOUHGXFWLRQRILURQR[LGH
SKDVHVDQGIRUPDWLRQRIPHWDOOLFLURQSKDVH7KHUHZHUHVRPHYDULDWLRQLQLQWHQVLW\RIGLIIHUHQWSHDNV
EXWSXUHLURQSKDVHKDGEHHQGHWHFWHG

)LJ;5'SORWVKRZLQJGLIIHUHQWSHDNVUHSUHVHQWLQJYDULRXVSKDVHVRILURQR[LGHVLQDXQUHGXFHGPLOOVFDOHVDPSOHRI
$670VLHYHVL]H

)LJ;5'SORWVKRZLQJGLIIHUHQWSHDNVUHSUHVHQWLQJYDULRXVSKDVHVRILURQGHFUHDVHLQLURQR[LGHSHDNVLQDVDPSOHRIPLOO
VFDOHRI$670VLHYHVL]HUHGXFHGDW&IRUPLQXWHV
4.3. Energy-dispersive X-ray spectroscopy (EDS or EDX) 
(QHUJ\GLVSHUVLYH ;UD\ VSHFWURVFRS\ ('6 RU ('; LV DQ DQDO\WLFDO WHFKQLTXH XVHG IRU WKH
HOHPHQWDO DQDO\VLV RU FKHPLFDO FKDUDFWHUL]DWLRQ RI D VDPSOH ,W UHOLHV RQ WKH LQYHVWLJDWLRQ RI DQ
LQWHUDFWLRQRIVRPHVRXUFHRI;UD\H[FLWDWLRQDQGDVDPSOH7KH(';DQDO\VLVRIXQUHGXFHGPLOOVFDOH
VKRZQLQILJXUHDQG(OHPHQWDODQDO\VLVVKRZQLQWDEOH

7DEOH(OHPHQWDODQDO\VLVZHLJKWDQGDWRPLFRIXQUHGXFHGPLOOVFDOHRIVDPSOHVL]H$670VLHYHVL]H
(OHPHQW(W 2. $O. 6L. &D. 0Q. )H. &X. 7RWDO
:HLJKWZW        
$WRPLF$W        
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
D EF
)LJ6(0LPDJHDQG(';VKRZLQJWKHDWRPLFVSHFWUXPRIXQUHGXFHGPLOOVFDOHRIVLHYHVL]H$670

7DEOH(OHPHQWDODQDO\VLVZHLJKWDQGDWRPLFRIPLOOVFDOHRIVDPSOHVL]H$670VLHYHVL]HUHGXFHGIRU
PLQXWHV
(OHPHQW $O. 6L. &D. 0Q. )H. 7RWDO
:HLJKW      
$WRPLF      



)LJ(QHUJ\GLVSHUVLYHVSHFWURVFRS\VKRZLQJDWRPLFVSHFWUXPRIPLOOVFDOHRISDUWLFOHVL]H$670VLHYHVL]HUHGXFHG
DW&IRUPLQXWHV
&RQFOXVLRQV
5HVXOW REWDLQHG IURP FKHPLFDO DQDO\VLV ZDV XQGHUVWRRG DV KROGLQJ WLPH LQ WKH IXUQDFH ZDV
LQFUHDVHGSHUFHQWDJHRIWRWDOLURQLQWKHVDPSOHJRWLQFUHDVHGVLPXOWDQHRXVO\6DPHWUHQGVYLVLEOHIRU
DOO WKH VDPSOHV RI GLIIHUHQW SDUWLFOH VL]H EXW EHVW UHVXOWV ZHUH VHHQ LQ PLOO VDPSOH UHGXFHG IRU 
PLQXWHVZLWKSDUWLFOHVL]HUDQJLQJEHWZHHQ$670VLHYHVL]H7KLVZDVGXHWRWKHSHUPHDELOLW\
RIPLOOVFDOHFROXPQZKLFKZDVPRUHIRU$670VLHYHVL]HWKDQRWKHUUDQJHRIVLHYHVL]H7KLV
ZDVGXHWRWKHIDFWWKDWFDUERQDQGFDUERQPRQR[LGH&2FDQSHQHWUDWHZHOOLQWRWKHVFDOHFROXPQDQG
HQKDQFHUHGXFLELOLW\DQGDVSDUWLFOHVL]HJHWVILQHUWKHUHKDVEHHQGHFUHDVHLQGHJUHHRIPHWDOOL]DWLRQIRU
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FRUUHVSRQGLQJ KHDWLQJ WLPH 7KH ;5' RI XQUHGXFHG DQG UHGXFHG PLOO VFDOH VDPSOH FRQILUPHG WKH
JUDGXDO UHGXFWLRQ RI PHWDOOLF R[LGH WR LURQ SKDVH 2Q FRPSDULQJ WKH ('; HOHPHQWDO DQDO\VLV RI
XQUHGXFHGDQG UHGXFHGVDPSOHRIPLOO VDPSOHFRQILUPHG WKHFRPSOHWH UHPRYDORIR[\JHQIURP LURQ
R[LGH DQG LQFUHDVH LQ SHUFHQWDJH RI LURQ DIWHU UHGXFWLRQ 7KH PRVW HIIHFWLYH UHVXOW RI WKHUPDO
WUHDWPHQWVSHUIRUPHGDW&IRUGLIIHUHQWUHDFWLRQWLPHIRXQGLQVDPSOHUHGXFHGIRUPLQXWHVRI
SDUWLFOHVL]HUDQJHEHWZHHQ$670VLHYHVL]HZKLFK\LHOGHGWKHKLJKHVWLURQFRQWHQW
LQDOOWKHWUHDWHGVDPSOHV
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